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Introduction
Almost two-thirds of parents report one or more problems with their children's eating. 1 Picky eating is a common concern that parents bring to the pediatric office or clinic; about 20e30% of parents report that their preschool-aged child is a picky eater. 1e3 Picky eating in children is usually described as the child having strong food preferences, consuming an inadequate variety of foods, restricting the intake of some food groups, eating a limited amount of food, or being unwilling to try new foods. Several studies have been carried out to investigate the prevalence of picky eaters among children. Picky eating is generally defined as an unwillingness to eat familiar foods or try new foods. It is severe enough to interfere with daily routines and cause problems for the parent or child, which may disrupt the parentechild relationship.
Studies evaluating the relationship between picky eating behaviors and development on mental and physical performance are still lacking. The aim of the current study was to evaluate how picky eating behaviors are linked to inappropriate parentechild interaction and interventions, and low qualities of mental development and physical performance, by comparing picky and nonpicky eaters.
Methods

Study sample
This was a cross-sectional analysis of 600 caregivers (either one of the child's parents) who had children aged 1e10 years. These parents were recruited from three major urban cities from northern, central, and southern Taiwan (300 from Taipei, 120 from Taichung, and 180 from Kaohsiung) between April 1, 2008 and May 31, 2008 . Only children living with and cared for by their biological parents were included in the study.
Exclusion criteria
Children with severe medical, neurological, genetic, or psychiatric illnesses that resulted in developmental delays were excluded from this study. Disadvantaged families that may have had inadequate nutrition supplies for their children were also excluded.
Procedure
Located in urban areas, 600 children were recruited from the three enrolled cities. These children were then divided into three age groups, i.e., Group 1: 1e3 years old (25%, 150 children), Group 2: 4e6 years old (30%, 180 children), and Group 3: 7e10 years old (45%, 270 children).
A trained interviewer distributed self-rating structured questionnaires to parents and got the interviews were done at or close to their homes. The questionnaires included: (1) Demographic data: Parents were asked to report their socioeconomic status and educational background, and to complete a medical history form for their child. (2) Children's eating behavior questionnaire 2, 3 : This structured questionnaire consists of questions and evaluates parental perception of their children's food preferences, dietary habits, eating behavior, caregiverechild interaction during mealtimes, and parental management when a child demonstrates picky eating behavior. When parents described their children as often or always healthy eaters, these children were considered to be nonpicky eaters and were assigned to the nonpicky eater group. When parents reported that their children often or always engaged in picky eating behavior, they were considered picky eaters and were assigned to the picky eater group. This questionnaire also evaluated the child's eating behavior and preferences. It assessed the child's limitations for food variety (< 20 kinds of food, 20e30 kinds of food, 30e40 kinds of food, and > 40 kinds of food), exhibition of strong food preferences (food presentation and preparation methods), unwillingness or refusal to accept new food, total avoidance of some food groups, strong urge for snacks (e.g., candy, cakes, chocolate, soft drinks), and preferences for chewing specific foods. (3) Children's general development questionnaire 4 : This is used to rate the cognitive development of children in four domains: (i) learning ability (e.g., attention span, gross motor development); (ii) verbal development (e.g., verbal development, language learning, fluency in verbal expression); (iii) interpersonal relationships (e.g., adaptation to new environments, separation anxiety and attachment); and (iv) physical performance on activities (play and exercises).
Methods
Using trained interviewers, enrolled caregivers were asked to complete a questionnaire on their perceptions of their children as picky eaters. The perception of picky eating was defined as an unwillingness to eat familiar foods or try new foods. Information was collected on the eating habits and behaviors of the child, caregiverechild interaction during feeding, caregivers' intervention in their children's neophobic behaviors with foods, and the general development in mental and physical performance of the child.
(1) Items evaluated by questionnaire Caregivers completed a demographics questionnaire that asked them to report their children's picky eating habits and behaviors. This included the parent's perception of their children as picky eaters, the children's food preferences, eating habits, caregiverechild interaction during meals, and the caregiver's intervention in their children's picky eating behaviors.
Food preferences and dietary habits: in a separate section, all parents were asked about their child's food preferences and dietary habits. Possible answers were yes, sometimes, or no. The questionnaire of preferences for food and food types included a modified version of a food preferences questionnaire based on the Department of Health's Survey of the Diets of British School Children. 5 Eating, feeding behavior, and parentechild interaction: all parents were asked about their child's eating behavior and about their own feeding methods, including the mealtime strategies that they used to encourage their child to eat and their management of food refusal. Each often was given a score of 2 and each sometimes was given a score of 1. 3 After completing the questionnaire about their children's eating habits and behaviors, parents reported their attitudes and interventions relating to the picky eating behaviors (e.g., rewarding, encouraging, changing food preparation methods, threatening or forced intervention in feeding, preparing snack foods, or using nutrient supplementation). The rewarding manner evaluated by the questionnaire refers to the fostering of a positive social context, such as giving verbal praise (as a reward). The questionnaire also mentions using an encouraging manner to introduce a food, including emphasis on the food's color, shape, size, aroma, and texture.
Finally, the questionnaire was used to evaluate the level of general development and physical performance in the children. Development was rated on four domains: learning ability (e.g., attention span, delay of walking development), verbal development (e.g., verbal development, language-learning, confluence in speech), interpersonal relationships (e.g., slow adaptation to new environment, uncooperativeness, fear of departure from relatives), and physical performance on activities (e.g., low level, high level). Caregivers rated the quality on each item.
Unsolicited comments that occurred throughout the interviews were recorded by the interviewers, and after the interviews, all of the comments were discussed among the interviewers to ensure that the comments were correctly interpreted.
(2) Measures
Measures related to low-quality development in children included the children's picky eating behavior, caregiverechildren interaction during feeding, and the caregiver's intervention in picky eating. Analysis of variance was used to determine whether the measured factors were associated with low-quality general development.
(3) Statistical analysis
Continuous data are expressed as the mean and standard deviation. We used SAS statistical software (SAS Inc., Cary, NC, USA), to generate descriptive data for the numerical ratings given by caregivers when responding to behavioral items on the questionnaire. The differences in clinical parameters between the two groups were analyzed statistically. We used the ManteleHaenszel Chi-square test for categorical data. A p value < 0.05 was considered significant.
The study was approved by the Institutional Review Board of Human Research Committee at Chang Gung Memorial Hospital (Linkou Branch).
Results
Age of sample and prevalence of picky eaters
The proportion of picky eaters was similar in both sexes (male 61%, female 63%). Figure 1 depicts the prevalence of picky eating behaviors across each age group. The total percentage of children identified as picky eaters was 62%, with 21e74% in each age group. Table 1 shows demographic data and the prevalence of picky eaters across different age groups in children. The incidence rate of picky eating behaviors was significantly different at each age in very young children (1e2 years, 21%; 2e3 years, 48%; 3e4 years, 72%). The incidence rate of picky eaters in preschooleaged (4e6 years) and schooleaged (7e10 years) children ranged from 60% to 74%; the results showed no significant differences in incidence rates between each age group. Table 2 shows the picky eating habits and behaviors across different age groups in picky eaters. Compared with the two other groups, the 1e3-years age group exhibited significantly more of the dislike chewing behavior. The preschool-aged group exhibited significantly more of the wants the food prepared in specific ways behavior, and the school-aged group exhibited significantly more of the has strong dislikes of specific foods behavior, when compared with the other groups.
Picky eating behaviors across different age groups in picky eaters
Caregiverechild interaction and intervention for picky eating behaviors
Picky-group caregivers attempted to correct children's eating behaviors more than nonpicky-group caregivers did [289 cases (77.9%) v. 82 cases (35.8%)]. Children in the picky group tried a new food 2.5 times on average (range, 1e15 times) before deciding whether or not they liked it, whereas in the nonpicky group, the average was 8.7 times (range, 3e20 more times). Rewarding (verbal praise) was the most common intervention reported by both pickygroup caregivers (187 cases, 50.4%) and nonpicky-group caregivers (118 cases, 51.5%). Table 3 displays the appropriate and inappropriate interactions or interventions for picky eating behaviors and gives an analysis of the differences in caregiver interactions and interventions between picky and nonpicky groups. Table 3 also shows that appropriate methods for interacting with children's eating behaviors were all significantly less common in the picky group than in the nonpicky group (Table 3) . Also, inappropriate methods (except for rewarding) for dealing with children's picky eating behaviors were significantly more common in the picky group than in the nonpicky group. Table 4 illustrates differences in the quality of mental development between picky eaters and nonpicky eaters. Of the four categories of low-quality general development (listed in Table 4), significantly higher incidence rates of learning disability (p < 0.001) and poor interpersonal relationships (p < 0.004) were found in the picky group. Except for two indicators of low-quality MD (slow verbal development and slurred speech), the remaining nine items for low-quality MD were found more commonly in picky children. The picky group also had higher incidence rates of Picky eating correlated with impaired developmentproblems with attention span and incooperation than the nonpicky group (p Z 0.004 and p Z 0.035, respectively).
Differences in the level of general development between picky and nonpicky eaters
Discussion
The aims of this research were to investigate the differences in eating behaviors between picky and nonpicky eaters, and to correlate parental management of children's eating problems with qualities of general development in children, based on structured interviews with one of the child's parents. The questionnaire used in this study focused on caregiverechild interaction and caregiver interventions in children's picky eating habits and behaviors. The central-location testing used in the present study offered the key advantage of face-to-face interviewing. Furthermore, central-location testing allowed stringent validation procedures, permitting researchers to observe the interviewing firsthand. It also provided greater confidentiality than other research methods.
Like most of the previous studies, a recognition or definition of a child's picky eating behavior by parental concept of an unwillingness to eat familiar foods or try new ones was used in our study. According to parental perceptions, 62% of the children in our sample were categorized as picky eaters, which was relatively high compared with previous observations. The reason may be that the interviewees (parents) enrolled in our study were recruited from three major cities in Taiwan. Preschool-or schoolaged children from these cities live in much more competitive environments for learning and school performance than the children living in rural areas, which may affect their eating habits. Alternatively, parents may monitor their children's eating habits more carefully than Figure 1 Age of sample and prevalence of picky eating behaviors. * Categorical data were analyzed by Chi-square test, p < 0.05 was considered statistically significant. y 4e6 years versus 1e3 years, p Z 0.027*; 4e6 years versus 7e10 years, p Z 0.014*.
z 1e3 years versus 4e6 years, p < 0.001*; 1e3 years versus 7e10 years, p < 0.001*.
x 7e10 years versus 1e3 years, p < 0.001*; 7e10 years versus 4e6 years, p Z 0.026*.
k 1e3 years versus 4e6 years, p Z 0.031* ; 1e3 years versus 7e10 years, p < 0.001*. the children's teachers or pediatricians, which could result in the over-perception of picky eating. The other reason may be parental anxiety in children's eating behavior and mental development. Parental anxiety status in children's eating behaviors, parentechild interactions, and development were screened and recorded before the parents filled out the questionnaires. The presence of parental anxiety in children's eating behaviors, parentechild interactions, and development was 66%, 41%, and 73%, respectively. Anxious parents had a higher prevalence in the identification of picky eaters' inappropriate eating behaviors and abnormal development. However there were no statistical differences in the identification of picky eaters, inappropriate eating behaviors, inappropriate parentechild interaction, and abnormal development between anxious and nonanxious parents groups.
Previous studies indicated that the peak time for picky eating occurred in infancy up to preschool, and pickiness seem to decline with age through early childhood. 2, 6 However, this pattern was not entirely consistent with our observations. In our study, the late toddler period (age 2e3 years) and late-elementary-school period (age 8e9 years) were two periods of time when picky eating behaviors peaked. We infer that while their children are in school, anxious parents overreact to their children's dislike of food and interpret such behavior as refusal to eat food, or picky eating.
Referring to our results (see Table 2 ), we observed that toddlers and preschool-aged children showed relatively higher refusal rates for unknown foods. Based on our caregivers' descriptions, toddlers or preschool-aged children would gag or even vomit if the caregivers tried to force them to eat the disliked food. Previous research has showed that force-feeding always interferes with the normal pleasure of eating and eventually decreases appetite; any new food experience could become a power struggle between parent and child. 7 According to Pelchat and Pliner, 8 as infants begin to eat from the family table and to imitate parents' food-related behaviors, a conflict may arise between the parent and child.
Our results revealed that the four most common picky behaviors were eating a limited variety of foods, wanting the food prepared in specific ways, not accepting new foods readily, and having strong dislikes. The prevalence of the above picky behaviors was similar to the result of a previous observation reported by Jacobi et al. 2 Similar to the previous observation, children usually preferred tender to tough meats and well-cooked to raw vegetables. Our results indicated that sometimes children disliked foods if they had difficulty in or disliked chewing foods. Such situations were found in nearly 40% of picky eaters. Furthermore, our study identified that toddlers tended to have more chewing problems while eating, compared with older children. Pesenti and colleagues 9 observed that snacking behaviors were common in students; in their investigation, 18.7% of the students reported multiple snacks during the day. O'Dougherty et al's 10 investigation of children's requests from 133 parentechild co-shoppers in supermarkets found that more than half (55.2%) of the children's requests were for sweets or snacks. Of our picky eaters, about 40% of them had a strong liking of snack foods and nearly 30% of their parents prepared snacks during or between meals. Conversely, there was a significantly lower prevalence of children's snacking and parental snacking intervention in nonpicky eaters; both incidence rates were approximately 20%. A negative impact of snack foods on weight gain, energy intake, and nutrient balance in children has been reported. 11 Snacking behaviors may decrease healthy food consumption in children. 12 We recommend that snacks be gradually prohibited during and between meals so that children are hungry and motivated to eat the regular meal. Abrupt prohibition of snacks may have a risk of losing weight and physical activities due to a remarkable decrease in children's total calorie intake.
Our study highlights the differences between picky eaters and nonpicky eaters in appropriate and inappropriate attitudes for parental interaction and interventions for children's eating problems. The results show that appropriate parental interaction and interventions were significantly less common in the picky eaters than in nonpicky eaters. However, the majority of the inappropriate parental interactions and interventions were significantly more common in the picky eaters than in nonpicky eaters.
Our data support interventions to address childhood picky eating behaviors and picky eating habits in preschool and school settings. 13, 14 Parental and caregiver attitudes and interventions were shown to be effective in increasing children's consumption and expressed liking of the disliked foods.
15e17 By comparing intervention results in nonpicky eaters, our findings point to several useful interventions, including changing food preparation, making repeated attempts to offer the new food, and using an encouraging manner, which may aid in decreasing children's picky eating habits. Our study was consistent with the findings of other researchers, 18e22 in that the limits of food variety and number of repeated attempts of a food were substantially lower in picky eaters compared to nonpicky eaters. These limited numbers of food exposures and trials to determine the toddler's food likes and dislikes are probably insufficient to show that toddlers will learn to accept a wide variety of foods. 19, 21 Using consistent methods of food cooking or allowing a limited variety of acceptable foods may result in the formation of undesirable food habits in children. The opportunity to taste a food repeatedly could enhance food acceptance. 22, 23 Our findings support the use of an encouraging manner when introducing new foods to manage a child's picky eating. The number of food exposures can also influence the shift from a child appearing to be picky about food to accepting a wide variety of foods. Birch and Marlin 21 found that as the number of exposures to a food increased, the child's preference for that food increased.
A positive social context is considered to be helpful in developing food likes.
19e22 Approximately half of both picky-group and nonpicky-group caregivers described using verbal praise as a reward, and the frequency of using verbal praise for children's picky eating was similar in both groups. Previous research observed that the manner of verbal praise seemed to enhance a child's preference for certain foods 21 ; however, a study by Birch and Marlin 21 indicated that having to eat a food to gain a reward might lessen the child's liking for that food. Pelchat and Pliner 24 affirmed that rewards, prodding, or punishment to encourage eating might contribute to the picky-eater phenomenon.
In our study, some frustrated parents tried to accommodate the picky eater by increasing the amount and quality of favorite foods and snacks; over 40% of the parents provided health food to their picky children. Picky eaters had significantly less variety in their diets compared with matched controls, but no significant differences in overall nutrient intake were noted. 25 Vitamin and mineral supplements can help infants and toddlers with special nutrient needs or marginal intakes achieve adequate intake, but care must be taken to ensure that supplements do not lead to excessive intake. 26 The present report is the first to correlate children's picky eating behaviors, caregiverechild intervention, and caregiver intervention in children's picky eating with lowquality development. Previous research has established the relationship between some eating disorders (e.g., overeating, anorexia, or feeding difficulty) and development in children and adolescents, 27e32 while the relationship between picky eating habits and development was scarcely mentioned in previous literature. Based on our investigation, picky eaters tend to have low-quality development, when compared with nonpicky eaters, in the domains of learning disability and poor interpersonal (social) relationships. In particular, our result further signifies that picky eaters tend to have poor language-learning and incooperation compared with nonpicky eaters. The co-occurrence of verbal language problems and eating disorders was observed in children with feeding difficulties, 33 yet the cooccurrence of language development and picky eating habits was not mentioned in previous reports. To our knowledge, the observation of a positive correlation between uncooperative behaviors and picky eating habits has not been reported before. The causal relationship between picky eating and low-quality development is unknown due to lack of evidence in the literature or research. This is beyond the scope of the current study. A future longitudinal study is needed to clarify such relationship.
Conclusion
Our research on children's eating behavior has improved our understanding of the positive relationship between picky eating habits and the impairment of certain types of development in children. Our data indicate that childhood picky eating behaviors are linked to inappropriate caregiverechild interaction, and caregiver's intervention. Pediatricians and primary care practitioners need to support public health and societal efforts to reduce childhood picky eating problems. Parents need information about ways to increase the number of foods their children accept. Parents may also require appropriate dieting intervention to develop a sound feeding plan to counteract their children's picky eating behaviors. We further emphasize the importance of early identification of children's low-quality development, and more appropriate programs of feeding intervention for these special families are encouraged.
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